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□ The power appears in the original papers in the prior application. 

□ The power does not appear in the original papers, but was filed on in prior 

application Serial No. . 

I I A new power has been executed and is attached. 
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XI. ABANDONMENT OF PRIOR APPLICATION 
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and when this application is granted a filing date so as to make this apphcation co- 
pending with said prior application. At the same time, please add the words "now 
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NUCLEIC ACID ENZYME FOR RNA CLEAVAGE 

This application is a continuation of 
PCT/CA99/00391 , filed April 29, 1999, which claims priority to 
Canadian patent application 2,230,203, filed April 29, 1998, 
5 both of which are incorporated herein in their entirety. 

TECHNICAL FIELD 

The invention relates to a novel ribozyme 
construction for the specific recognition and cleavage of RNA, 
and biotechnological as well as therapeutic uses thereof. 

10 BACKGROUND ART 

Though enzymatic activity has long been considered 
the exclusive domain of proteins, discoveries in molecular 
biology over the past couple of decades have led to the 
realization that ribonucleic acid (RNA) can also function as 

15 an enzyme. RNA enzymes are often referred to as ribozymes . 

Ribozyme substrates are generally confined to RNA 
molecules, and enzymatic activities of ribozymes include the 
cleavage and/or ligation of RNA molecules. The cleavage 
activity may be intramolecular, known as cis-acting or 

20 intermolecular , known as trans-acting. There are at least 
five classes of ribozymes known, including Group I introns. 
Group II introns, hammerhead, hairpin, and delta ribozymes. 
The last three are derived from plant satellites and viroids. 

Since 1982, several unexpected diseases caused by 

25 RNA-based pathogenic agents have emerged. These include the 
lethal Acquired Immune Deficiency Syndrome (AIDS) and delta 
hepatitis, a particularly virulent form of fulminant hepatitis 
caused by a viroid-like RNA agent. These blood-borne diseases 
are spread at the RNA level, manifest themselves in cells of 

3 0 patients, and are by now present within the bloodstream of 

millions of individuals. Conventional biotechnology, with its 
reliance on recombinant DNA methods and DNA-level intervention 
schemes, has been slow to provide valid approaches to combat 
these diseases . 
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Two forms of delta ribozymes, namely genomic and 
antigenomic, are derived, and referred to by, the polarity of 
the hepatitis delta virus (HDV) genome from which the ribozyme 
is generated. Like hammerhead and hairpin ribozymes, the 
5 delta ribozymes cleave a phosphodiester bond of their RNA 

substrates and give rise to reaction products containing a 5'- 
hydroxyl and a 2', 3' -cyclic phosphate termini. They are 
metalloenzymes and a low concentration (<1 mM) of magnesium 
(Mg^"') or calcium (Ca^"") is required for delta ribozyme 

10 cleavage. Both genomic strand and antigenomic strand forms 

exhibit self -cleavage activity, and it has been suggested that 
they are involved in the process of viral replication 
(Lazinski, D. W., and Taylor, J. M. (1995) RNA 1, 225-233). 

Delta ribozymes derived from the genome of HDV are 

15 of interest in the development of a gene regulation system in 
which the designed ribozymes would down-regulate the 
expression of a target gene. The facts that delta ribozymes 
are derived from HDV and that this pathogen naturally 
replicates in animal systems, suggest that this catalytic RNA 

20 could be used to control gene expression in human cells. Like 
other ribozymes, the designed ribozyme should specifically 
cleave its target substrates while leaving other cellular RNA 
molecules intact . 

Trans-acting ribozymes carry out intermolecular 

25 cleavage activity. Some trans-acting delta ribozymes have 
been developed by removing a single -stranded junction which 
connects the catalytic portion to the substrate portion in 
cis-acting delta ribozymes. This results in two separate 
molecules, one possessing the substrate sequence and the other 

30 the catalytic property (Been, M.D. and Wichhan, G.S. (1997) 
Eur. J. Biochem. , 247, 741-753). Interactions between such 
delta ribozymes and the substrate occur through the formation 
of a helix, referred as the PI stem. However, the example of 
the trans-acting ribozyme disclosed by Been et al . (supra) was 

35 not useful for cleaving long substrate molecules, such as 
those having therapeutic applications. 

In United States Patent No. 5,225,337, issued on 
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July 6, 1993 in the names of Hugh D. Robertson et al . , there 
are disclosed ribozymes derived from a specific domain present 
in the HDV RNA for specifically cleaving targeted RNA 
sequences and uses thereof for the treatment of disease 
5 conditions which involve RNA expression, such as AIDS. These 
ribozymes consist of at least 18 consecutive nucleotides from 
the conserved region of HDV isolates between residues 611 and 
771 on the genomic strand and between residues 845 and 980 on 
the complementary antigenomic strand. These ribozymes are 

10 proposed to fold into an axe -head model secondary structure 

(Branch, A. D., and Robertson, H. D. (1991) Proc . Natl .Acad. 
Sci . USA 88, 10163-10167). The ribozymes developed according 
to this model structure require the substrate to be bound to 
the ribozyme through the formation of two helices, one located 

15 on either side of the cleavage site. Further, such ribozymes 
apparently require a 12-15 nucleotide recognition sequence in 
the substrate in order to exhibit the desired activity. Such 
a long recognition sequence is not practical in the 
development of therapeutic or diagnostic applications. 

20 In United States Patent No. 5,625,047, issued on 

April 29, 1997 in the names of Michael D. Been et al . , there 
are disclosed enzymatic RNA molecules proposed to fold into a 
pseudoknot model secondary structure (discussed below) . The 
method disclosed for the development of efficient ribozymes 

25 requires a short recognition sequence of only 7 to 8 

nucleotides in the substrate, a preference for a guanosine 
base immediately 3' to the cleavage site, a preference for U, 
C or A immediately 5' to the cleavage site, and the 
availability of a 2 ' -hydroxy 1 group for cleavage to occur. 

30 Thus, the specificity of recognition of these ribozymes is 

limited to 6 or 7 base pairing nucleotides with the substrate 
and a preference of the first nucleotide located 5' to the 
cleavage site. Neither tertiary interaction (s) between the 
base paired nucleotides and another region of the ribozyme, 

35 nor single-stranded nucleotides are involved to define the 
specificity of recognition of these ribozymes. Because the 
recognition features are limited, these ribozymes have a 



4 77473-12 
258/235 

limited specificity, and thus, are not practical for further 
clinical or biotechnical applications. 

A pseudoknot-like structure for delta ribozymes has 
been proposed by Perrotta and Been (Perrotta, A. T., and Been, 
5 M. D. (1991) JVature 350, 434-436) . This model structure 

consists of two stems (PI and P2) , two stem- loops {P3 and P4} 
and three single-stranded regions (Jl/2, Jl/4 and J4/2) . An 
additional stem, named Pl.l, has been formed by two GC base 
pairs between nucleotides from the Jl/4 junction and the P3 

10 loop (Ferre-D' Amare, A.R., Zhou, K. and Doudna, J. A. (1998) 
Nature, 350, 434-436) . 

It would be highly desirable to be provided with a 
novel delta ribozyme for the cleavage of both small and large 
RNA substrates for which the specificity of recognition is 

15 well defined. Such specificity would yield optimal conditions 
for further therapeutical and biotechnological developments of 
delta ribozymes. 



SUMMARY OF THE INVENTION 

One aim of the present invention is to provide a 
2 0 novel delta ribozyme for the cleavage of RNA substrates for 
which the specificity is defined by a domain composed of at 
least 7 nucleotides. It is also an aim to provide a method 
for the development of such ribozymes . 

In one aspect, the invention provides a method for 
25 cleaving a nucleic acid substrate with a nucleic acid enzyme 
at a cleavage site comprising mixing the substrate with the 
enzyme, wherein the substrate includes a 7 nucleotide sequence 
with at least 6 nucleotides 3' to the cleavage site and at 
least 1 nucleotide 5' to the cleavage site of formula: 

30 

5'-H' GNNHNN-3' 



wherein each 

N is a nucleotide which may be the same or different, 
35 H is a nucleotide selected from the group consisting of 

A, U, C, and T, and 
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is the site of cleavage, and 
H' is a ribonucleotide selected from the group consisting 
of A, U, and C, 
wherein 

5 (i) the first nucleotide 3' to the cleavage site is 

capable of forming a wobble pair with the enzyme, 

(ii) the second, third, fifth, and sixth nucleotides 3' 
to the cleavage site are capable of forming conventional 
Watson-Crick base pairs with the enzyme, 

10 (iii) the fourth nucleotide 3' to the cleavage site is 

capable of forming a triplet with the enzyme comprising a non- 
conventional Watson-Crick base pair and a conventional Watson- 
Crick base pair, and 

(iv) the ribonucleotide directly 5' to the cleavage site 

15 does not form a base pair with the enzyme; and 

the enzyme comprises a substrate binding portion which is 
capable of base pairing to the 6 nucleotides 3' to the 
cleavage site of the substrate and which binding portion 
comprises the sequence: 

20 

3 ' -UNNXNN-5' 



wherein each 

N is a nucleotide which may be the same or different, and 
25 X is a nucleotide selected from the group consisting of 

T, U, A, and G, 
whereby binding of the substrate to the enzyme effects 
cleavage of the substrate at the cleavage site. 

In another aspect, the invention provides a nucleic 
30 acid enzyme capable of recognizing and cleaving a nucleic acid 
substrate at a cleavage site comprising a substrate binding 
portion which is capable of base pairing to the 6 nucleotides 
3' to the cleavage site of the substrate and which binding 
portion comprises the sequence: 



3 ' -lINNXNN-5' 
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wherein each 

N is a nucleotide which may be the same or different, and 
X is a nucleotide selected from the group consisting of 
T, U, A, and 

5 the substrate includes a 7 nucleotide sequence with at least 6 
nucleotides 3' to the cleavage site and at least 1 nucleotide 
5' to the cleavage site of formula; 

5'- H' GNNHNN-3' 

10 

wherein each 

N is a nucleotide which may be the same or different, 
H is a nucleotide selected from the group consisting of 
A, U, C, and T, 
15 is the site of cleavage, and 

H' is a ribonucleotide selected from the group consisting 
of A, U, and C, 
wherein 

(i) the first nucleotide 3' to the cleavage site is 
2 0 capable of forming a wobble pair with the enzyme, 

(ii) the second, third, fifth, and sixth nucleotides 3' 
to the cleavage site are capable of forming conventional 
Watson-Crick base pairs with the enzyme, 

(iii) the fourth nucleotide 3' to the cleavage site is 

2 5 capable of forming a triplet with the enzyme comprising a non- 

conventional Watson-Crick base pair and a conventional Watson- 
Crick base pair, and 

(iv) the first ribonucleotide directly 5' to the cleavage 
site does not form a base pair with the enzyme. 

3 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the secondary structure and 
nucleotide sequences of two trans-acting antigenomic delta 
ribozymes of the invention and complementary substrates; panel 
A is the secondary structure of the complex formed between 
3 5 SRzPI.I and a substrate Spl . 1 ,- panel B is the PI region of the 
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complex formed between SrzPI . 2 and a substrate Spl . 2 ; the rest 
of the structure is identical to 5RzP1 . 1 as in panel A; 

Figure 2 illustrates the secondary structure of a 
ribozyme in accordance with the invention, with an ultrastable 
5 L4 loop; in the inset is the sequence of a 14 -nucleotide long 
substrate; 

Figure 3 illustrates the secondary structure of a 
ribozyme in accordance with the invention; the inset shows the 
ultrastable L4 loop; 
10 Figure 4 shows a two-dimensional representation of a 

catalytic trimolecular complex (RzA: RzB:S) of the invention; 

Figure 5 shows results from Example 3, namely 
comparative analyses of the cleavage reactions catalyzed by 
delta ribozymes; 

15 Figure 6 shows a two-dimensional representation of a 

catalytic trimolecular complex (RzA: RzB:S); the influence of 
2' -OH groups individually at positions 9 to 15 on RzB by 
replacing the ribonucleotide at these positions with the 
corresponding deoxy-ribonucleot ide is shown; the symbol - 

2 0 represents a two- fold diminution of activity compared to an 

unmodified RzB while the symbol = represents an unchanged 
catalytic activity; symbols + and ++ respectively represent an 
increased activity of 1.5- and 2- fold; horizontal bars 
represent base pairs; wobble and homopurine base pairs are 
25 respectively represented by one and two ovals; the arrow 
indicates the site of catalytic cleavage; 

Figure 7 shows in Panel A the structural and 
functional features of virion DNA, including the viral direct 
repeat (DR) sequences (boxed) , and the protein (•) and RNA 

3 0 (AAA) species found at the 5' ends of the minus and plus DNA 

strands, respectively; the dashed line indicates the presence 
of the single stranded gap; the RNA products are depicted by 
wavy lines; the target area is located in pre-S2 and S 
regions, and is indicated by the scissors symbol; panel B 
35 illustrates the secondary struction of an engineered ribozyme 
of the the invention, such that the substrate binding region 
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is 5 ' GGGAUAU-3 ' , complementary to HBV mRNA substrates; the 
recognition site on the mRNA is located on the pres-S2 and S 
mRNA (2.1 kb, as shown in Panel A) ; the arrow indicates the 
cleavage site. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

The subject invention provides for a method of 
designing selective nucleic acid enzymes, such that a nucleic 
acid substrate is cleaved at a specified cleavage site by the 
nucleic acid enzyme. This method includes the selection of 

10 certain substrate sequences and, within the enzymes, certain 

substrate binding sequences, such that efficient cleavage at a 
specified site in the nucleic acid substrate can take place. 
The subject invention also provides for nucleic acid enzymes 
designed using such method. 

15 For the purpose of the present invention the 

following abbreviations are defined: "A" is a nucleotide 
comprising adenine including both the ribo- and deoxyribo- 
forms; "G" is a nucleotide comprising guanine including both 
the ribo- and deoxyribo-f orms ; "C" is a nucleotide comprising 

2 0 cytidine including both the ribo- and deoxyribo- forms ; "U" is 
a nucleotide comprising uracil; "T" is a nucleotide compris- 
ing thymine; "R" is a nucleotide comprising purine, which 
purine is selected from the group consisting of A and G; and 
"Y" is a nucleotide comprising pyrimidine, which pyrimidine is 

25 selected from the group consisting of U, C, and T. 
Selection of Substrate Sequence 

Substrate nucleic acid includes any nucleic acid 
sequence which can act as a substrate for a nucleic acid 
enzyme of the invention. As such it includes ribonucleotides, 

30 deoxyribonucleotides, or mixtures of both. Nucleotides may 
also include synthetic or modified nucleotides. 

The nucleic acid enzymes of the invention can be 
used to target a large number of nucleic acid substrates so 
long as certain conditions of the recognition mechanism are 

35 met. The nucleic acid substrate must include a 7 nucleotide 
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sequence with at least 6 nucleotides 3' to the cleavage site 
and at least 1 nucleotide 5' to the cleavage site of formula: 



5'-H' GNNHNN-3' 

5 

wherein each 

N is a nucleotide which may be the same or different, 
H is a nucleotide selected from the group consisting of 
A, U, C, and T, and 
10 is the site of cleavage, and 

H' is a ribonucleotide selected from the group consisting 
of A, U, and C. 

The first nucleotide 3' to the cleavage site is 
capable of forming a wobble pair with the enzyme. The wobble 
15 base pair (G-U) at the cleavage site is required to maintain a 
high level of cleavage. Conventional Watson-Crick base pairs 
such as A-U and G-C, as well as mismatches at this position 
decrease the cleavage activity. 

The second, third, fifth, and sixth nucleotides 3' 
2 0 to the cleavage site are capable of forming conventional 
Watson-Crick base pairs with the enzyme. 

The fourth nucleotide 3' to the cleavage site is 
capable of forming a conventional Watson-Crick base pair with 
the substrate binding region of the enzyme. Additionally, 
25 such base pair interacts with a nucleotide elsewhere in the 
ribozyme (i.e. the nucleic acid enzyme) to form a triplet by 
means of a non- conventional Watson-Crick base pair. Non- 
conventional Watson-Crick base pairs include Hoogsteen pairs 
and reversed-Hoogsteen pairs. The position requires an A, U, 
30 or C. 

The ribonucleotide directly 5' to the cleavage site 
does not form a base pair with the ribozyme. 

Preferably, the substrate molecule does not contain 
two consecutive pyrimidine nucleotides directly 5' to the 
35 cleavage site. 
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In another preferred aspect, the substrate comprises 
the sequence 5'-H' GNNHNNN-3', more preferably the sequence 
5'-NNRH' GNNHNNN-3', wherein R is G or A. 

In one embodiment, the substrate preferably 
5 comprises the sequence 5'-RRRH' GNNHNNN-3'. More preferably, 
such sequence is selected from the group consisting of 
5'-GGGC GNNUNNN-3', 5'-GGGC GNNCNNN-3', 5'-GGGU GNNUNNN-3', 
5'-GGGU GNNCNNNN-3', and 5'-AAAC GNNUNNN-3'. 

In another embodiment, the substrate preferably 
10 comprises the sequence 5'-yHRH' GNNHNNN-3', wherein Y is C, U, 
or T. It is preferred that the four nucleotides directly 5' 
to the cleavage site are chosen such that Y is C or U, 
preferably C; H is one of U, C, or A, preferably U or C, more 
preferably U; R is preferably A; and H is A, C, or U, 
15 preferably A or C, more preferably A. 

It is preferable that the four nucleotides directly 
5' to the cleavage site do not form a hairpin structure. 
Selection of Ribozyme Sequence 

By ribozymes, it is meant a nucleic acid enzyme, in 
2 0 other words any nucleic acid sequence having enzymatic 

activity, i.e. the ability to catalyze a reaction. As such it 
includes nucleic acid sequences made up of ribonucleotides, 
deoxyribonucleotides , or mixtures of both. Nucleotides may 
also include synthetic or modified nucleotides. 

2 5 The selection of the sequence of the substrate 

binding region of the ribozyme, should be done such that the 
binding region comprises the sequence 3 ' -UNNXNN-5 ' , wherein 
each N is a nucleotide which may be the same or different, and 
X is a nucleotide selected from the group consisting of T, U, 

3 0 A, and G. 

The invention preferably provides for a nucleic acid 
enzyme with a secondary structure which comprises three or 
more distinct double-stranded regions, or stem-regions. This 
includes regions of base-pairing which may or may not be 
35 capped by a single-stranded loop, to form a stem-loop region. 
Preferably, the nucleic acid ribozyme includes two or more 
distinct single - stranded regions, one of which includes a 
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substrate binding region which will base pair to the 
substrate. More preferably there are two single stranded 
regions . 

The invention preferably contemplates the use of 
5 nucleic acid enzymes derived from hepatitis delta virus, known 
as delta ribozymes. 

Generation of Ribozyme and Substrate 

Trans-acting delta ribozymes of the invention were 
generated based on the pseudoknot-like structure proposed by 

10 Perrotta and Been, by removing the single -stranded region 

(region Jl/2) located at the junction between the PI and P2 
stems. In addition, the P2 stem was elongated, by 
introducing, for instance, three G-C base pairs, and by 
shortening the P4 stem. 

15 Figure 1 illustrates an example of two ribozymes, 

5rzP1.1 and 5rzP1.2, in accordance with one aspect of the 
invention. The base paired regions of the pseudoknot-like 
structure are numbered according to Perrotta and Been 
(Perrotta, A. T., and Been, M. D. (1991) Nature 350, 434-436). 

20 The dashed line represents the Jl/2 single-stranded region 
joining the substrate and ribozyme molecules present in the 
cis-form. This single - stranded area was eliminated to produce 
a trans-acting ribozyme of the invention. The arrow indicates 
the cleavage site. The homopurine basepair at the top of the 

25 P4 stem is represented by two dots (G« *G) , while the wobble 

base pair is represented by a single dot (G«U) . The two small 
dotted lines illustrate the PI . 1 stem formed by two GC base 
pairs . 

In another aspect, the invention provides for a 
3 0 ribozyme with an elongated P2 stem and shortened P4 stem, 
which further comprises a modification of the L4 loop. 
Figures 2 and 3 show ribozymes in accordance with this 
embodiment. S and Rz represent substrate and ribozyme 
respectively . 

35 In one aspect, the invention provides for a 

bimolecular ribozyme. This may be achieved by removal of the 
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L4 loop. Figure 4 shows a ribozyme in accordance with this 

embodiment . 

Applications 

Ribozyme activity can be optimized by chemically 
5 synthesizing ribozymes with modifications that prevent their 
degradation by serum ribonucleases (see e.g., Eckstein et al . , 
International Publication No. WO 92/07065; Perreault et al . , 
Nature 1990, 344:565; Pieken et al . , Science 1991, 253:314; 
and Chowrira et al . , 1993 J. Biol. Chem. 268, 19458, which 

10 describe various chemical modifications that can be made to 
the sugar moieties of enzymatic RNA molecules, all of which 
publications are incorporated by reference herein) , 
modifications which enhance their efficacy in cells, and 
removal of helix-containing bases to shorten RNA synthesis 

15 times and reduce chemical requirements. 

In one aspect, the invention provides a substrate 
molecule which is a target RNA, such as a viral RNA, or an RNA 
crucial to the life cycle of a pathogen, or an RNA manifested 
as a result of an inherited disease, based on the substrate 

20 specificity described herein. 

Ribozymes are added directly, or can be complexed 
with cationic lipids, packaged within liposomes, or otherwise 
delivered to target cells. The RNA or RNA complexes can be 
locally administered to relevant tissues ex vivo, or in vivo 

25 through injection, aerosol inhalation, infusion pump or stent, 
with or without their incorporation in biopolymers . 

Sullivan, et al . , (WO 94/02595, incorporated by 
reference herein) , describes general methods for delivery of 
enzymatic RNA molecules. Ribozymes may be administered to 

3 0 cells by a variety of methods known to those familiar to the 
art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other 
vehicles, such as hydrogels, cyclodextrins , biodegradable 
nanocapsules , and bioadhesive microspheres. For some 

35 indications, ribozymes may be directly delivered ex vivo to 

cells or tissues with or without the aforementioned vehicles. 
Alternatively, the RNA/vehicle combination is locally 
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delivered by direct injection or by use of a catheter, 
infusion pump or stent. Other routes of delivery include, but 
are not limited to, intravascular, intramuscular, subcutaneous 
or joint injection, aerosol inhalation, oral (tablet or pill 
5 form), topical, systemic, ocular, intraperitoneal and/or 

intrathecal delivery. More detailed descriptions of ribozyme 
delivery and administration are provided in Sullivan, et al . , 
("Method and Reagent for Treatment of Arthritic Conditions" 
U.S. S.N. 08/152,487, filed November 12, 1993, and incorporated 

10 by reference herein) . 

Another means of accumulating high concentrations of 
a ribozyme (s) within cells is to incorporate the ribozyme- 
encoding sequences into a DNA expression vector. Transcription 
of the ribozyme sequences are driven from a promoter for 

15 eukaryotic RNA polymerase I (pol I) , RNA polymerase II (pol 

II) , or RNA polymerase III (pol III) . Transcripts from pol II 
or pol III promoters will be expressed at high levels in all 
cells; the levels of a given pol II promoter in a given cell 
type will depend on the nature of the gene regulatory 

20 sequences (enhancers, silencers, etc.) present nearby. 

Prokaryotic RNA polymerase promoters are also used, providing 
that the prokaryotic RNA polymerase enzyme is expressed in the 
appropriate cells (Elroy- Stein, O. and Moss, B., 1990, Proc . 
Natl. Acad. Sci . USA, 87, 6743-7; Gao, X. and Huang;, L., 

25 1993, Nucleic Acids Res,, 21, 2867-72; hereby incorporated by 
reference) . Several investigators have demonstrated that 
ribozymes expressed from such promoters can function in 
mammalian cells (e.g. Kashani-Sabet , M. , et al . , 1992, 
Antisense Res. Dev., 2, 3-15; Ojwang, J. 0., et al . , 1992, 

3 0 Proc. Natl. Acad. Sci. USA, 89, 10802-6; hereby incorporated 
by reference) . The above ribozyme transcription units can be 
incorporated into a variety of vectors for introduction into 
mammalian cells, including but not restricted to, plasmid DNA 
vectors, viral DNA vectors (such as adenovirus or 

35 adeno-associated vectors) , or viral RNA vectors (such as 

retroviral, Semliki forest virus, hepatitis delta virus, and 
sindbis virus vectors) . 
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Thus, ribozymes of the present invention that cleave 
target mRNA and thereby inhibit and/or reduce target activity 
have many potential therapeutic uses, and there are reasonable 
modes of delivering the ribozymes in a number of the possible 
5 indications. 

By "inhibit" is meant that the activity or level of 
target RNA is reduced below that observed in the absence of 
the ribozyme, and preferably is below that level observed in 
the presence of an inactive RNA molecule able to bind to the 
10 same site on the RNA, but unable to cleave that RNA. 

By "vectors" is meant any nucleic acid and/or 
viral-based construct used to deliver a desired nucleic acid. 

Examples 

15 Example 1: Preparation of Ribozymes, Substrates, and 
Plasmids . 

Construction of plasmids carrying ribozymes of the 
invention. The antigenomic ribozyme sequence of the hepatitis 
delta virus described by Makino et al (Makino, S. et al . 

20 (1987) Nature 329, 343-346, hereby incorporated by reference) 
was used as the basis for generating trans -acting delta 
ribozymes of the invention. Briefly, the construction was 
performed as follows. Two pairs of complementary and 
overlapping oligonucleotides, representing the entire length 

25 of the ribozyme (57 nt) , were synthesized and subjected to an 
annealing process prior to cloning into pUC19. The annealed 
oligonucleotides were ligated to Hindlll and Smal co-digested 
pUC19 to give rise to a plasmid harboring the delta ribozyme 
(referred to as pSRzPl.l) . The minigene was designed so as to 

3 0 have unique SphI and Smal restriction sites. The sequence of 
the T7 RNA promoter was included at the 5' end of the ribozyme 
so as to permit in vitro transcription. Variations based on 
this "wild type" ribozyme are constructed by replacing the 
SphI- Smal fragment of p5RzPl . 1 by an oligonucleotide duplex 

3 5 containing the desired sequence. The sequences of engineered 
ribozymes were confirmed by DNA sequencing. Plasmids contain- 
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ing wild type and mutant ribozymes were then prepared using 
Qiagen tip-100 (Qiagen Inc.), digested with Smal r purified by 
phenol and chloroform extraction and precipitated for further 
use as templates for in vitro transcription reactions. 
5 Synthesis of Ribozymes and Substrates . Ribozyme: 

In vitro transcription reactions contained 5 Pg linearized 
recombinant plasmid DNA as template, 27 units RNAGuard (RNase 
inhibitor (Pharmacia) , 4 miM of each rNTP (Pharmacia) , 80 mM 
HEPES-KOH pH 7.5, 24 mM MgClj, 2 mM spermidine, 40 mM DTT, 0.01 

10 unit Pyrophosphatase (Boehringer Mannheim) and 25 ^g purified 
T7 RNA polymerase in a final volume of 5 0 )a.L, and were 
incubated at 37 °C for 4 hr. Substrates: Deoxyoligonucleotides 
(500 pmoles) containing the substrate and the T7 promoter 
sequence were denatured by heating at 95°C for 5 min in a 20 

15 TiL mixture containing 10 mM Tris-HCl pH 7.5, 10 mM MgClj, 50 mM 
KCI2, and allowed to cool slowly to 3 7<^C. The in vitro 
transcription reactions were carried out using the resulting 
partial duplex formed as template under the same conditions as 
described for the production of the ribozyme. 

2 0 After incubation, the reaction mixtures were 

fractionated by denaturing 2 0% polyacrylamide gel electro- 
phoresis (PAGE, 19:1 ratio of acrylamide to bisacrylamide) 
containing 4 5 mM Tris -borate pH 7 . 5 , 7 M urea and 1 mM EDTA. 
The reaction products were visualized by UV shadowing. The 

25 bands corresponding to the correct sizes of either ribozymes 
or substrates were cut out, and the transcripts eluted 
overnight at 4°C in a solution containing 0.1% SDS and 0.5 M 
ammonium acetate. The transcripts were then precipitated by 
the addition of 0.1 vol 3 M sodium acetate pH 5.2 and 2.2 vol 

30 ethanol . Transcript yield was determined by 
spectrophotometry . 

Synthesis and Purification of RNA and RNA/DNA Mixed 
Polymer: RNA and RNA-DNA mixed polymers were sythesized on an 
automated oligonucleotide synthesizer, and deprotected accord- 

35 ing to previously described procedures (Perreault, J. P., and 
Altman, S. (1992) J. Mol . Biol. 226, 339-409 hereby incorpor- 
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ated by reference) . These polymers were purified by 20% PAGE. 
Major bands were excised and eluted as described above. 

End-labelling of RNA with [Y-32P]ATP. Purified 
transcripts (10 pmoles) were dephosphorylated in a 20 UL 
reaction mixture containing 200 mM Tris-HCl pH 8 . 0 , 10 units 
RNA guard, and 0.2 unit calf intestine alkaline phosphatase 
(Pharmacia) . The mixture was incubated at 37°C for 30 min, 
and then extracted twice with a same volume of 
phenol : chloroform (1:1). Dephosphorylated transcripts (1 
pmole) were end-labelled in a mixture containing 1.6 pmole [Y- 
32P]ATP, 10 mM Tris-HCl pH 7 . 5 , 10 raM MgClj, 50 mM KCl and 3 
units T4 polynucleotide kinase (Pharmacia) at 37°C for 30 min. 
Excess [Y-32P]ATP was removed by applying the reaction mixture 
onto a spin column packed with a G-50 Sephadex gel matrix 
(Pharmacia) . The concentration of labelled transcripts was 
adjusted to 0.01 pmol per mL by the addition of water. 

Example 2: Kinetics 

Cleavage reactions . To initiate a cleavage 
reaction, various concentrations of ribozymes were mixed with 
trace amounts of substrate (final concentration <1 nM) in a 18 

reaction mixture containing 50 mM Tris-HCl pH 7.5, and 
subjected to denaturation by heating at 95°C for 2 min. The 
mixtures were quickly placed on ice for 2 min and equilibrated 
to 37°C for 5 min prior to the initiation of the reaction. 
Unless stated otherwise, cleavage was initiated by the 
addition of MgCla to 10 mM final concentration. The cleavage 
reactions were incubated at 37°C, and followed for 3.5 hours 
or until the endpoint of cleavage was reached. The reaction 
mixtures were periodically sampled (2-3 VL) , and these samples 
were quenched by the addition of 5 V^L stop solution containing 
95% formamide, 10 mM EDTA, 0.05% bromophenol blue and 0.05% 
xylene cyanol . The resulting samples were analyzed by a 20% 
PAGE as described above. Both the substrate and the reaction 
product bands were detected using a Molecular Dynamic 
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radioanalytic scanner after exposition of the gels to a 
phospho imaging screen. 

Kinetic analysis. Measurement of pseudo-first-order 
rate constant (k^at, and keat/K„) were performed under single 
5 turnover conditions. Briefly, trace amounts of end-labelled 
substrate (<1 nM) were cleaved by various ribozyme 
concentrations (5 to 500 nM) . The fraction cleaved was 
determined, and the rate of cleavage (Kbs) obtained from 
fitting the data to the equation At = Aoo(l-e"'"') where At is 

10 the percentage of cleavage at time t, Aoo is the maximum 

percent cleavage (or the end point of cleavage) , and k is the 
rate constant iKhs) ■ Sach rate constant was calculated from 
at least two measurements. The values of k^b^ obtained were 
then plotted as a function of ribozyme concentrations for 

15 determination of the other kinetic parameters: k^at, K„ and 

kcat/Kw Values obtained from independent experiments varied 
less than 15%. The requirement for Mg^* by both ribozymes was 
studied by incubating the reaction mixtures with various 
concentrations of MgClj (1 to 500 xuM) in the presence of an 

2 0 excess of ribozyme (500 nM) over substrate (< InM) . The 

concentrations of Mg^" at the half maximal velocity were 
determined for both ribozymes. Determination of equilibrium 
dissociation constants (K^) . For mismatched substrates which 
could not be cleaved by the ribozyme, the equilibrium 
25 dissociation constants were determined. Eleven different 
ribozyme concentrations, ranging from 5 to 600 nM, were 
individually mixed with trace amounts of end-labelled 
substrates (< InM) in a 9 UL solution containing 50 mM Tris- 
HCl pH 7.5, heated at 95°C for 2 min and cooled to 37°C for 5 

3 0 min prior to the addition of MgClj to a final concentration of 

10 mM, in a manner similar to that of a regular cleavage 
reaction. The samples were incubated at 37°C for 1.5 h, at 
which 2 UL of sample loading solution (50% glycerol, 0.025% of 
each bromophenol blue and xylene cyanol) was added, and the 
3 5 resulting mixtures were electrophoresed through a 

nondenaturing polyacrylamide gel (20% acrylamide with a 19:1 
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ratio of acrylamide to bisacrylamide , 45 mM Tris-borate buffer 
pH 7 . 5 and 10 mM MgCla) . Polyacrylamide gels were pre-run at 
20 W for 1 h prior to sample loading, and the migration was 
carried out at 15 W for 4.5 h at room temperature. 
5 Quantification of bound and free substrates was performed 

following an exposure of the gels to a phospho imaging screen 
as described earlier. 

Example 3: Determination of Ribozyme and Substrate Sequence 
10 Specificity 

A number of ribozymes and substrates were made, some 
of which are in accordance with the invention and others of 
which are comparative examples. Analysis of the kinetic 
parameters of cleavage reactions carried out using said 

15 ribozymes and substrates led to the characterizations of the 
method for selecting the ribozyme and substrate sequences. A 
summary of the kinetic data is given below. 
i) Selection of a substrate comprising the sequence 5'- 
H' GNNHNN-3 ' or 5'RRRH' GNNHNNN-3 ' and a ribozyme comprising 

2 0 the sequence 3 ' -UNNXNN-5 ' . 

Two forms of trans-acting delta ribozymes, SrzPI . 1 
and 5RzP1.2 were used with their corresponding substrates 
(11 nt) SPl.l and SP1.2 for the kinetic studies (see Table 1). 
The sequences of SrzPI . 1 , SrzPI . 2 , SPl.l and SP2 . 2 are given 

25 in Fig. 1. 5rzpi . 2 differs from SrzPI . 1 in that 5rzP1.2 has 
two nucleotides, at positions 22 and 24 of 5rzP1.1, 
interchanged (5' -CCCAGCU-3' ) . 



Kinetic parameters SrzP.I 5rzP . 2 

k^^tCmin""-) o.34 ± 0.02 0.13 ± 0.01 

Km' (nM) 17.9 + 5.6 16.7 + 6.4 

kcat/K„' (min^^»M^^) 1.89 x 10^ 0.81 x lo'' 

Kwg (mM) 2.2 ± 1.0 2.1 ± 0.8 
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Table 1. Kinetic parameters of wild type ribozyme 
(5rzP1.1) and mutant ribozyme (5RzP1.2) . Under single 
turnover conditions, trace amounts of end-labelled 
substrate (<1 nM) were cleaved by various concentrations 
5 of ribozyme (5 to 600 nM) . Reactions carried out under 

these conditions displayed monophasic kinetics. The 
values were calculated from at least two independent 
experiments, and standard variations were less than 15%. 

10 In order to compare the specificity of the delta 

ribozyme with various substrates, 5rzP1 . 1 was used under 
single turnover conditions as described above. The cleavage 
reactions were performed with a trace amount of each substrate 
(<1 nM) and 500 nM 5RzP1 . 1 . Under these conditions, the 

15 observed rates reflect the rates of cleavage without 

interference from either product dissociation or inhibition. 
For each substrate both the observed cleavage rate constants 
(kobs) and the extent of cleavage were calculated and compared 
to those of the wild type substrate, as shown in Table 2. 
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Further trans -acting delta ribozyme variants were 
produced using plasmid p5RzPi . i . The variants have either A23 
or C24 mutated to one of the other three possible bases. The 
six resulting delta, ribozyme variants are named for the 
5 altered nucleotide (5RzP1-A23C, -A23G, -A23U, -C24A, -C24G, 
and -C24U; Table 3) . Complementary or compensatory substrates 
(Table 3) were generated in which either position 7 or 8 of 
the wild type substrate (SPl.l) was altered in order to 
restore the Watson-Crick base pair formation of the PI stem 
10 between the substrates and the ribozyme variants. 



TABLE 3 



Transcripts 


Sequence 


Substrates 




SPl . 1 


iGGGCGGGUCGGii 


SG7A 


GGGCGGAUCGG 


SG7C 


GGGCGGCUCGG 


SG7U 


GGGCGGUUGGG 


SU8A 


GGGCGGGACGG 


suae 


GGGCGGGCCGG 


SU8G 


GGGCGGGGCGG 


SU8G-9mers 


iGCGGGGCGGs 


Ribozymes 




5rzP1 . 1 


20CCGACCU26 


5rzP1-A23C 


CCGCCCU 


5rzP1-A23G 


CCGGCCU 


5rzP1-A23U 


CCGUCCU 


5rzP1-C24A 


CCGAACU 


5rzP1-C24G 


CCGAGCU 


5RzP1-C24U 


CCGAUCU 



15 The extent of cleavage of the 5rzP1-C24N ribozyme 

variants were compared with that of the wild type ribozyme 
SrzPI.I for each of 4 substrates (A), and correspondingly, the 
extent of cleavage of the 5RzP1-C24N ribozyme variants were 
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compared with that of SrzPI . 1 for each of the other 4 
substrates (B) . The results are shown in Figure 5. The base 
pair formed between the ribozyme and the substrate is 
indicated by the capital and lower case letters, respectively, 
5 on each bar of the histogram. The values are an average 
calculated from at least two independent experiments. 

Complementary pairs of substrates and ribozymes were 
used for kinetic studies to obtain the experimental data 
required for the calculation of apparent K^, (K^' ) and apparent 
10 kj values and the results are shown in Table 4. 
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ii) Selection of a substrate comprising the sequence 5'- 
H' GNNHNN-3' or 5'-YHRH GNNHNNN-3' 

A collection of 13 substrates including all single 
mutants for positions -4 to -1 compared to the original 
5 substrate were synthesized. Positions -4 to -1 refer to the 
four nucleotides directly 5' to the cleavage site, position -1 
being right next to the cleavage site and position -4 being 
the furthest from the cleavage site, as shown in Figure 2. 
For each mutant, trace amounts of 5 ' -^^P-labeled substrates (<1 

10 nM) were incubated in the presence of an excess of ribozyme 
{200 nM) , and the maximal cleavage percentages (i.e. end- 
point) (pre-steady state conditions) determined as a 
comparative parameter. The Applicant observed that the base 
requirement varies for each position. At position -1, the 

15 base preference was A > C > U >> G, where a guanosine at this 
position rendered the substrate uncleavable. At position -2, 
an A improved the cleavage efficiency compared to the original 
G, while a substrate with a U was poorly cleaved and a C gave 
an uncleavable substrate. In contrast at position -3, C, U 

20 and A gave substrates that have a two fold improved cleavage 
compared to the wildtype G. Finally at position -4, the 
presence of a pyrimidine (i.e. C or U) improved the maximal 
percentage of cleavage by at least two fold compared to a 
purine (i.e. G or A) , 

25 In order to assess accurately the base requirement 

at each position, kinetic analysis were performed under pre- 
steady-state conditions. Pseudo first-order cleavage rate 
constants (kz and K^' ) were measured with an excess of ribozyme 
(5 to 600 nM) and trace amounts of end-labeled substrate (<0.1 

3 0 nM) . 



26 
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Position 


Identity 


Km' 
(nM) 


kj (^min 


(nM" itiin' ) 


Specificity 1 
index 


-1 


C 


31.52 




6.66 X 10'^ 


1 .00 




u 


3 3.2 




3.34 X 10'^ 


0 . 50 




A 




0.27 


1.79 X 10'^ 


2 . 68 




G 


na 






na 


-2 


G 


31.52 




6.66 X 10'^ 


1.00 




A 


28.7 




1.15 X 10'* 


1.73 




C 








na 




U 


94 




8.19 X 10"* 


0 . 12 


-3 


G 


31.52 


0.22 


6.66 X 10'^ 


1 . 00 




A 


9 . 93 




1.99 X 10"^ 


3 . 02 




C 


11 .3 


0 .24 


2.10 X 10"^ 


3 . 15 




U 


8 . 76 


0.20 


2.32 X 10'" 


3 .48 


-4 


G 


31 . 52 


0 .22 


6.66 X 10'^ 


1 . 00 




A 


27 . 14 


0 .12 


4 .45 X 10"^ 


0 .67 




C 


11 . 81 


0 . 27 


1.86 X 10"^ 


2 .79 




U 


16 .42 


0 .23 


1.40 X 10"^ 


2 . 10 



rp v.i« ^ Kinetic analysis of the collection of single mutated 

subsLaUs^^^SseudrfiLt-order cleavage rate co-ta.t and 

were measured using an excess of ribozytne (5 to 600 nM) 
^nd trace amounts of end-labelled J^^^^rate (< 0^1 nM^^^^ 
Apparent second-order rate constants k,/K„ ) were calcuiarea 
and their relative specificity determrned ^^^^PJ^f ^^^^^^^^ 
original substrate. The values were ^^l^^l^^f^^^^^^^f 25? 
two^ independent experiments, and errors were lejs than 25 o. 
Sequence for position -4 to -1 are indicated for each 
substrate . 



Then, apparent second-order rate constants (k^/K,' ) were 
calculated and a specificity index determined, fixing 
arbitrarily as 1.00 the values of the original substrate (i.e. 
,GGGCJ. At position -1, the presence of a uridine resulted in 
a similar relative specificity (0.50) while the presence of an 
adenine increased the relative specificity to 2.68. This 
increase appears mainly as a result of a K„' decrease of 2 
fold. For position -2, the presence of a purine (i.e. G or A) 
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gave similar relative specificity (1.73, compared to 1.00, 
respectively) . In contrast, the presence of a uridine 
resulted in a poorly cleaved substrate, while when a cytosine 
was present, the substrate was uncleavable. In the case of 
5 the uridine at position -2, the specificity was evaluated to 
be reduced from 8 fold to 0.12 compared to the original 
substrate (i.e. 1.00). The decrease in specificity appears to 
result from a 3 fold increase of the K„' and a 3 fold decrease 
of the kz value. These results show a clear preference for 

10 purine in position -2, and a pyrimidine should be avoided in 
that position. 

For position -3, when the guanosine of the original 
substrate was replaced by any other base (i.e. A, C, or U) , 
the Kn,' was lowered by 3 fold while the remained almost 

15 identical, resulting in an specificity increase ranging from 
3.02 to 3.48. Finally for position -4, a purine (G and A) 
yield a substrate with about the same specificity (i.e. 0.67 
and 1.00) . However, the presence of a pyrimidine in position 
-4 improved the specificity by at least two fold with 2.79 and 

20 2.10 for a C and a U, respectively. Specifically, the 
presence of a C or a U the K^' was lowered, while the kj 
remained almost identical. Thus, it appears clear that the 
base requirement from position -4 to -1 of the substrate, 
contributes significantly and differently to the ability of 

25 the substrate to be cleaved. 

Based on the observation that mutations in position 
-3 were those that most strongly increased the relative 
specificity, the Applicant investigated whether or not a 
larger amount of Mg^"" in the cleavage reaction would affect the 

30 kinetic parameters of these substrates. Under single turnover 
conditions, in which the ribozyme and substrate concentrations 
were kept at 2 00 nM and 1 nM, respectively, the Applicant 
found that the ribozyme cleaved these substrates at Mg^'' 
concentrations as low as 1 mM, which is the estimated 

35 physiological concentration of Mg^"" (Ananovoranich, S. and 

Perreault, J. P. (1998) J. Biol. Chem. , 273, 13182-13188, and 
Trut, T.W. (1994) Mol . Cell. Biochem. , 140, 1-22). A maximum 
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kobs for each substrate was observed when the concentration of 
Mg^* was 10 mM . The requirement for magnesium at half -maximal 
velocity (K^g) was similar for these mutated substrates and the 
original substrate, varying between 1.5 to 2.2 mM. Similar 
5 experiments were also performed with several other substrates 
from the collection and identical results were obtained, 
suggesting that the differences of the kinetic parameters for 
various substrates were not related to different affinity for 
the magnesium. 

10 Notably, the cleavage assays performed with the 

initial collection of substrates (i.e. single mutants) 
indicated that the presence of a pyrimidine in the position -2 
either reduces the cleavage activity or yields an uncleavable 
substrate. Specifically, a uridine decreases the relative 

15 specificity by 8 fold while a cytosine inhibits the cleavage 
completely (see Table 6) . One plausible explanation of such 
results is that when a C is present at position -1 and 
followed by a pyrimidine (i.e. C or U) at position -2, both 
nucleotides of the substrate may interact with nucleotides 

20 located on the ribozyme resulting in inactive 

substrate/ribozyme complex. It seems reasonable to suggest 
that base-pairing may be formed with the ribozyme guanosines 
at position 27 and 28 of the Jl/4 junction, which new base 
pairs will compete with formation of the Pl.l stem (Fig. 2) . 

25 In this case, a cytosine in position -2 will form two 

consecutive GC base pairs. Similarly, a uridine in position 
-2 allows formation of a GC follow by a GU, which will be less 
stable than two GC's, yielding a reduced activity compared to 
the absence of activity. In order to learn more about the 

30 nucleotide preference in position -2, taking into account the 
neigboring positions, a second collection of substrates with 
more than one mutation were synthesized. 

First, the Applicant verified whether a cytosine at 
position -2 after non-cytosine at position -1 has a 

35 detrimental effect. Based on the previous results, a substrate 
with an adenine in position -1 and a cytosine in position -2, 
S-A_iC_2, was synthesized and further tested for cleavage 
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efficiency. A moderate extent of cleavage of 14% was observed 
at 2 00 nM ribozyme, which is less than the substrates 
including either the sequence C_iG_2 or A_iG_2 . In comparison to 
the substrate with the sequence A_iG_2, the S-A_iC_2 substrate 
5 showed a virtually identical apparent (K^,' ) while the 

cleavage constant (k:2) was reduced by approximately 4 fold, 
yielding a 4-fold reduction of the relative specificity (i.e. 
from 2.68 to 0.60; Table 6). These results suggest that the 
presence of a cytosine at position -2 reduces significantly 
10 the cleavage of a substrate. Moreover, if this cytosine is 

followed by a second cytosine in position -1, the result is an 
uncleavable RNA molecule (see above) . 



TABLE 6 





Mutant 


Km' 
(nM) 


(min ) 




K2/KM' ^ 
(nM'^min ^) 


Specificity 
index 


sc_ 


lG_2 


31 . 5 


0 .22 


6 


98 X 10"' 


1 


SA. 


1 


14 . 3 


0.27 


1 


.89 X 10"' 


2 . 68 


SA. 


lC_2 


15 . 4 


0 . 06 


3 


9 X 10'' 


0 . 6 


SA. 


lC_2C_3 


15 .2 


0 . 039 


2 


.57 X 10"^ 


0.4 


SA. 


aC.2C_3C^4 


16 . 5 


0.25 


1 


.52 X 10"' 


2 . 28 



15 

Table 6. Kinetic analysis of the collection of multiple 
mutated substrates. Pseudo first-order cleavage rate 
constants (kj and K^,' ) were measured using an excess of 
ribozyme (5 to 600 nM) and trace amounts of end-labelled 
20 substrate (<0.1 nM) . Apparent second-order rate constants 
(kj/K™' ) were calculated and their relative specificity 
determined as compared to the original experiments, and errors 
were less than 25%. Sequence for position -4 to -1 are 
indicated for each substrate. 

25 

Secondly, the Applicant verified whether a cytosine 
at position -2 followed by a cytosine at position -3 gives a 
cleavable substrate. In other words, two consecutive 
30 cytosines, regardless of their positions, will yield 

uncleavable substrates. Therefore, the Applicant synthesized 
the substrate S-A_iC_2C_3 and verified its ability to be cleaved. 
The S-A_iC_2C_3 put together was cleaved with kinetic parameters 
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almost identical to the the substrate S-A.iC_2 substrate except 
that the was slightly reduced to 0.039 min'^ compared to 
0.062 min"^, resulting in a small reduction of the relative 
specificity (i.e. from 0.60 to 0.40/ Table 6). These results 
5 show that the presence of a cytosine at position -3 following 
a cytosine at position -2 reduced slightly the cleavage 
activity, and did not significantly modify the ability of a 
substrate to be cleaved. Thus, a cytosine at position -3 does 
not have the same influence as that at position -2. 

10 Thirdly, the Applicant asked whether two consecutive 

cytosines at positions -4 and -3 give a similar effect 
yielding uncleavable (or less cleaved) substrate. A substrate 
containing cytosines at positions -3 and -4 and adenines in 
position -1 and -2 was synthesized. Adenines were included in 

15 position -1 and -2 because this residue appears to give a 

readily cleaved substrate as compared to the single mutation 
collection {see above) . The S-A_iA.2C-3C_4 mutant has a maximum 
cleavage of 61%. Moreover, the Applicant determined a Kjj' of 
16.5 nM and a ka value increased to 0.25 min^\ resulting in a 

20 substrate with a relative specificity of 2.28 as compared to 
the original substrate (Table 6) . Thus, the presence of two 
consecutive cytosines at position -3 and -4 has no detrimental 
effect . 

Finally, the Applicant asked whether it is possible 
25 to compensate for the detrimental effect of the presence of 

two consecutive cytosines at positions -1 and -2, by including 
the one at position -2 in a hairpin structure. A longer RNA 
substrate (i.e. 18-mer compared to 14mer) including a hairpin 
at 5 '-end, which involved the C_2 in the last base pair of the 
30 helix was chemically synthesized and then tested. This 

substrate was poorly cleaved. Only trace amounts of products 
were detected (i.e. maximum percentage cleavage of <2 . 0 %) , 
and as a consequence, no more extensive characterization was 
possible. If the sequence was drawn in order to avoid the 
35 formation of the 5' -end hairpin (i.e. C.2 remains single 

strand; S-hp-) , no cleavage at all was observed. These two 
results showed that the presence of a base-paired cytosine at 
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position -2 gave minimal activity as compared to this cytosine 
in single strand. However, the improvement was very limited. 

Example 4: L4 loop Modifications 

A modified form of 5rzP1 . 1 described above was made 
by replacing the L4 loop sequence GCUU which is relatively 
unstable, with the ultrastable L4 loop (UUCG) (shown on the 
right in Figure 3) . The kinetic parameters {k^^t and K+,) and 
dissociation constant (K^) were virtually identical. 



Example 5 : Bimolecular ribozyme 

A modified form of SrzPI . 1 described above was made 
by dividing the L4 loop into two resulting in two fragments, 
namely, RzA and RzB (as shown in Figure 4) . The RzA consists 
of 37 nucleotides encompassing a substrate recognition site 
(PI stem), P3 stem and portions of P2 and P4 stems. The RzB 
consists of 20 nucleotides which is able to base pair to RzA 
to form a bimolecular ribozyme complex. RzA and RzB were 
synthesized as described in Example 1. Because both RzA and 
RzB are relatively small, they can be chemically synthesized. 
Therefore, this bimolecular delta ribozyme allows the 
introduction of any chemically modified nucleoside. 

Example 6: Deoxyribonucleotide modifications 

Example 5 describes a bimolecular ribozyme. 
Modified versions of the ribozyme described in Example 5 were 
made by replacing one ribonucleotide in RzB with a 
deoxyribonucletide individually at positions 9 to 15. This 
resulted in 7 different RzB's each containing one 
deoxyribonucleic acid. 

The influence of 2' -OH groups in RzB on the 
catalytic activity of RzA:RzB complex was analyzed. 0.066 uM 
of a mix of cold and end- labeled RNA substrates were incubated 
in presence of 0.066 uM of RzA and 0.2 uM of various RzB 
RNA/DNA mixed polymers. The incubation was performed in 50 mM 
Tris-HCl pH 8 . 0 and 50 mM MgClj at 3 7°C. An aliquot was 
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removed after one hour and the reaction stopped by the 
addition of an excess of stop solution (xc, bb, formamide) . 
Reaction mixtures were fractioned on 20% polyacrylamide gel 
electrophoresis and were exposed on x-ray films. Fully 
5 deoxyribonucleotide RzB molecules are not able to support a 

cleavage activity. Individual deoxy substitution mutants were 
subjected to catalytic cleavage. All of the reconstituted 
complexes were active to different extents. S and P 
respectively represent substrate and product species. As an 
10 example, dGg stands for GGCGCAUGgCUAAGGGACCC where uppercase 
and lowercase letters respectively represent ribo- and 
deoxyribonucleotides . The results are shown in Figure 6 and 
Table 7. 

Table 7 shows the quantification of time course 
15 experiments performed. Rate and extent of cleavage values 
were obtained from fitting the experimental data to the 
equation At = A^ipha (1-e-kt) were At is the percentage of 
cleavage at time, t, A^ipha is the maximum cleavage and k is the 
reaction rate. Data analysis was performed with GraFit 
20 Version 3.01 from Erithacus Software. 



TABLE 7 



Species 


Rate 


(min'^) 


Extent (%) 


RzB 


5 


7 


X 


10"' 


27 . 01 


do 9 


3 


3 


X 


10"^ 


9.80 


dClO 


2 


4 


X 


10-^ 


30 .42 


dull 


4 


6 


X 


10"' 


45 . 87 


dA12 


4 


0 


X 


10"' 


25 .79 


dA13 


1 


8 


X 


10"^ 


27 .46 


dG14 


8 


0 


X 


10"' 


61 .44 


dG15 


7 


8 


X 


10"' 


54 . 15 



Table 7. Rate and extent of substrate cleavage using 2' -OH 
25 modified ribozymes. 
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Figure 6 illustrates the sequence of the ribozymes 
of this Example and shows the efficiency of cleavage of the 
substrate molecules as a function of the position of the 
deoxyribonucleic acid. 

5 

Example 7: Cleavage of HDAg mRNA. 

Plasmids encoding the HDAg xnRNA and delta ribozymes . 
The pKSAgS plasmid carries the S-HDAg mRNA in pBluescript KS+ 
(Stratagene) . Briefly, the S-HDAg mRNA insert (positions 900 

10 to 1679 of the vHDV.5 variant (according to Lafontaine, D., 
Mercure, S. and Perreault, J. -P. (1997) Nucleic Acids Res., 
25, 123-125) were retrieved by PGR amplification using 
pSVL(AgS) (Chao, M., Hsieh, S.Y. and Taylor, J. (1990) J. 
Virol., 64, 5066-5069) as template. The oligonucleotides used 

15 in this PGR had restriction sites situated at their 5' ends so 
as to facilitate subsequent cloning: HDV1679.66: 
5 ' CC GGATCC CTCGGGCTCGGQCG 3' (underlined is the Bam HI 
restriction site) and HDV900.914: 5 ' CC AAGCTT CGAAGAGGAAAGAAG 3' 
(underlined is the Hind III restriction site) . Plasmid DNA 

20 (pSVL(AgS), 50 ng) , 0.4 mM of each oligonucleotide, 200 mM 

dNTPs, 1.2 5 mM MgClz, 10 mM Tris-HCl pH 8 . 3 , 5 0 mM KCl, and 1 U 
Taq DNA polymerase were mixed together in a final volume of 
10 0 PL. The Applicant performed one low stringent PGR cycle 
(94°C for 5 min, 53°C for 30 s, 72°C for 1 min) , followed by 

25 35 cycles at higher stringency (94°C for 1 min, 62°C for 30 s, 
72°C for 1 min) . The mixture was fractionated by electro- 
phoresis in a 1% agarose gel in IX TBE buffer (90 mM Tris- 
borate, 2 mM EDTA pH 8.0), the expected band excised and 
eluted using the QIAquick gel extraction kit (Qiagen) , and 

30 finally digested and ligated into pBluescript KS+ . The 
strategy used for the construction of plasmids carrying 
ribozymes with modified substrate recognition domains is 
described above. All constructs were verified by DNA 
sequencing . 

35 RNA Synthesis . In vitro transcription: HDAg mRNA 

was transcribed from Hind Ill-linearized pKSAgS, while 
ribozymes were transcribed from Sma I -linear! zed ribozyme 
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encoding plasmids as described in Example 1. Small substrates 
(11-nt) were synthesized as described in Example 1. 

Oligonucleotide probing. DNA oligonucleotides 
complementary to the potential target sites were purchased 
5 from Gibco-BRL and 5' -end labelled using T4 polynucleotide 
kinase (Pharmacia) in the presence of 10 UCi [Y-^^P]ATP. 
Labelled oligonucletiodes (~ 2 500 cpm; - 0.05 nM) and 
unlabelled mRNA (2.4 to 1 200 nM) were hybridized together for 
10 min at 25°C in a solution containing 50 mM Tris-HCl pH 7 . 5 

10 and 10 mM MgClj in a final volume of 15 Ul . Loading solution 
(2 UL of IX TBE, 10 mM MgClz, 4 0% glycerol, 0.25% bromophenol 
blue and 0.25% xylene cyanol) was added, and the resulting 
solutions fractionated on native 5% PAGE gels (30:1 ratio of 
acrylamide to bisacrylamide , 50 mM Tris-borate pH 8.3, 10 mM 

15 MgCls and 5% glycerol) at 4°C in the presence of recirculating 
50 mM Tris-borate pH 8 . 3 and 10 mM MgClj buffer. The dried 
gels were analyzed with the aid of a Phosphorlmager (Molecular 
Dynamics) . RNase H probing was performed using the same 
oligonucleotides. In these experiments randomly labelled S- 

20 HDAg mRNA (-10 000 cpm; -10 nM) and unlabelled oligo- 
nucleotides (1 UM) were annealed as described for gel shift 
assays for 10 min, then 0.2 U of E. coli RNase H (Pharmacia) 
was added and the reaction incubated at 37 °C for 2 0 min. The 
reactions were stopped by the addition of stop- solution (3 UL 

25 of 97% formamide, 10 mM EDTA, 0.25% bromophenol blue and 0.25% 
xylene cyanol) , fractionated on 5% denaturing PAGE gels, and 
analyzed by autoradiography. 

In vitro cleavage assays and kinetic analyses . 
Cleavage assays were performed at 31°C under single turnover 

30 conditions with either randomly labelled mRNA (~ 10 nM) or 5'- 
end labelled small substrates (<lnM) , and an excess of 
ribozyme (2,5 V-M) in 10 PL final volume containing 50 mM Tris- 
HCl pH 8 . 0 and 10 mM MgCls- A pre-incubation of 5 min at 37°C 
preceeded the addition of the Tris -magnesium buffer which 

35 initiates the reaction. After an incubation of 1 to 3 hrs at 
37°C, stop-solution i5V^l) was added and the mixture quickly 
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stored at -20°C until its fractionation on 5% denaturing PAGE 
gels and subsequent autoradiography. Cleavage sites of the 
active ribozymes were verified by primer extension assays as 
described previously (Cote, F. and Perreault, J. -P. (1997) J. 
5 Mol . Biol., 273, 533-543). Briefly, oligonucleotides were 
synthesized to have complementary sequence to positions 
downstream (~ 100 positions) from the cleavage site according 
to the mRNA. For example, for the cleavage site of Rz-12, the 
oligonucleotide primer, 5 ' CTTTGATGTTCCCCAGCCAGG-3 ' (21mer) , 
10 was used in the reverse transcriptase reaction containing the 
ribozyme cleavage reaction mixture. 

Active ribozymes (Rz-l, -11 and -12) were 
characterized under single turnover conditions essentially as 
described in Example 1 . 
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Of the nine ribozymes examined, three, namely Rzl, 
Rzll, and Rzl2, specifically cleaved a derivative HDV mRNA. 
The most active ribozyme under steady- state conditions, 
displaying multiple turnovers, was Rz-12. As can be observed 
from Table 8, the sequence of the substrate for this ribozyme 
(positions 87-97) is 5'CAGU GGGUGG-3'. This accords with the 
sequence preferences shown in Table 5. 

Example 8: Cleavage Assay of a ribozyme of the invention 
against 552 nt-HBV RNA substrate. 

50 0 nM of a delta ribozyme as shown in Figure 7 was 
incubated with 1 nM randomly-labelled 552 nt-HBV (human 
hepatitis B virus) mRNA at 37°C in the presence of 50 mM Tris- 
HCl pH 7.5 and 10 mM MgClj . A single exponential equation was 
used to fit data to Kb^ = 0.031 min"' with 28% cleavage. This 
demonstrates that a ribozyme of the invention cleaves mRNA 
from the human hepatitis B virus. 
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We claim: 

1. A nucleic acid enzyme capable of recognizing and cleaving 
a nucleic acid substrate at a cleavage site which when bound 
to the substrate comprises: 

(a) a substrate binding portion base-paired to the 6 
nucleotides 3 ' to the cleavage site of the substrate and which 
binding portion comprises the sequence: 

3 ' -UMJXNN-5 ' 

wherein each 

N is a nucleotide which may be the same or different, and 

X is a nucleotide selected from the group consisting of 
T, U, A, G; 

(b) a region P3 comprising a double-stranded portion 
bound covalently at a bottom end to the remainder of the 
ribozyme and capped at a top end by a loop L3 ; 

(c) a region P2 comprising a double -stranded portion 
bound covalently at a bottom end to the remainder of the 
ribozyme ; 

(d) a region P4 comprising a double -stranded portion 
bound covalently at a bottom end to the remainder of the 
ribozyme, wherein the first base-pair at the bottom end of P4 
is a homopurine base -pair; 

(e) a double-stranded region PI . 1 formed by base-pairing 
two nucleotides located between the substrate binding portion 
and the P4 region, with two nucleotides in the L3 loop; and 

(f) a single-stranded region, J4/2, covalently bound at 
one end to the bottom end of P2 and covalently bound at the 
other end to the bottom end of P4 . 
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2. The nucleic acid enzyme according to claim 1, wherein 
the base-pair at the bottom end of the P3 region is not 3'-C- 
G-5' . 

3. The nucleic acid enzyme according to claim 2, wherein the 
5 first base-pair at the bottom end of the P3 region is selected 

from the group comprising U-A, A-U, T-A, and A-T. 

4. The nucleic acid enzyme according to claim 1, wherein the 
base-pair at the bottom end of the P3 region is 3'-U-A-5'. 

5. The nucleic acid enzyme according to claim 1, wherein the 
10 double -stranded portion of P2 is not capped at a top end. 

6. The nucleic acid enzyme according to claim 5, wherein the 
first three base-pairs at the top end of the double -stranded 
portion of P2 are G-C or C-G base-pairs. 

7. The nucleic acid enzyme according to claim 1, wherein the 
15 first three base-pairs at the top end of the double- stranded 

portion of P2 are 5'-G-C-3' base-pairs. 

8. The nucleic acid enzyme according to claim 1, wherein the 
PI . 1 stem is comprised of two GC base pairs. 

9. The nucleic acid enzyme according to claim 1, wherein the 
20 J4/2 strand is at least 5 nucleotides long. 

10. The nucleic acid enzyme according to claim 1, wherein the 
J4/2 strand is 5 nucleotides long. 

11. The nucleic acid enzyme according to claim 1, wherein the 
double -stranded portion of the P4 region comprises the 

25 sequence 5'-GCAUSG-3' or 5 ' -GCAUSSG-3 ' , wherein S is G or C. 

12. The nucleic acid enzyme according to claim 1, wherein the 
L3 loop consists of 7 or fewer nucleotides. 



13. The nucleic acid enzyme according to claim 1, wherein the 
nucleic acid enzyme is derived from antigenomic hepatitis 
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delta virus. 

14. The nucleic acid enzyme of claims 1, wherein the 
substrate binding portion of the enzyme comprises the sequence 
3 ' -UNNXNNN-5 ' . 

15. The nucleic acid enzyme of claim 14, wherein the 
substrate binding portion of the enzyme comprises the 
sequences 3 ' -UNNANNN-5 ' or 3 ' -UNNGNNN- 5 ^ . 

16. The nucleic acid enzyme of claims 1, wherein the enzyme 
is composed of ribonucleotides. 

17. The nucleic acid enzyme of claims 1, wherein the enzyme 
is composed of a mixture of ribonucleotides and 
deoxyribonucleo tides . 

18. A method for cleaving a nucleic acid substrate with a 
nucleic acid enzyme at a cleavage site comprising mixing the 
nucleic acid enzyme according to claim 1 with the substrate, 
wherein 

the substrate includes a 7 nucleotide sequence with at 
least 6 nucleotides 3 ' to the cleavage site and at least 1 
nucleotide 5' to the cleavage site and of formula: 

5 ' -H' ^^GNNHNN-3 ' 

wherein each 

N is a nucleotide which may be the same or different, 

H is a nucleotide selected from the group consisting of 
A, U, C, and T, 

i is the site of cleavage, and 

H' is a ribonucleotide selected from the group consisting 
of A, U, and C, 



wherein 
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(i) the first nucleotide 3' to the cleavage site is 
capable of forming a wobble pair with the enzyme, 

(ii) the second, third, fifth, and sixth nucleotides 3' 
to the cleavage site are capable of forming conventional 

5 Watson-Crick base pairs with the enzyme, 

(iii) the fourth nucleotide 3' to the cleavage site is 
capable of forming a triplet with the enzyme comprising a non- 
conventional Wat son -Crick base pair and a conventional Watson- 
Crick base pair, and 

10 (iv) the ribonucleotide directly 5' to the cleavage site 

does not form a base pair with the enzyme. 

19. The method of claim 18, wherein in the substrate, H' and 
a nucleotide immediately 5' to it are not both pyrimidine 
nucleotides . 



15 
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ABSTRACT 

A method is described for cleaving a nucleic acid 
substrate with a nucleic acid enzyme at a cleavage site 
comprising mixing the substrate with the enzyme, wherein the 
substrate includes a 7 nucleotide sequence with at least 6 
nucleotides 3' to the cleavage site and at least 1 nucleotide 
5' to the cleavage site and of formula: 

5'-H' GNNHNN-3' 

wherein each N is a nucleotide which may be the same or 
different, H is a nucleotide selected from the group 
consisting of A, U, C, and T, and is the site of cleavage, 
and H' is a ribonucleotide selected from the group consisting 
of A, U, and C, wherein (i) the first nucleotide 3' to the 
cleavage site is capable of forming a wobble pair with the 
enzyme, (ii) the second, third, fifth, and sixth nucleotides 
3' to the cleavage site are capable of forming conventional 
Watson-Crick base pairs with the enzyme, (iii) the fourth 
nucleotide 3' to the cleavage site is capable of forming a 
non-conventional Watson-Crick base pair with the enzyme, and 
(iv) the first nucleotide 5' to the cleavage site does not 
form a base pair with the enzyme; and the enzyme comprises a 
substrate binding portion which is capable of base pairing to 
the 6 nucleotides 3' to the cleavage site of the substrate and 
which binding portion comprises the sequence: 

3 ' -UNNXNN-5' 

wherein each N is a nucleotide which may be the same or 
different, and X is a nucleotide selected from the group 
consisting of T, U, A, and G, whereby binding of the substrate 
to the enzyme effects cleavage of the substrate at the 
cleavage site. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as 
stated below next to my name; that I verily believe that I am the original, first and sole inventor (if only 
one name is listed below) or a joint inventor (if plural inventors are named below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled: 

NUCLEIC ACID ENZYME FOR RNA CLEAVAGE 

the specification of which 

(check one) is attached hereto. 

□ was filed on . 

as U.S. Application Serial No. . 

□ was filed on ^ 

as POT International Application No 

and (if applicable) was amended on^ 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information known to me which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §§ 1.56(a) and (b), which state: 

"(a) A patent by its very nature is affected with a public interest. The public interest is best 

served, and the most effective patent examination occurs when, at the time an application is 
being examined, the Office is aware of and evaluates the teachings of all information 
material to patentability. Each individual associated with the filing and prosecution of a 
patent application has a duty of candor and good faith in dealing with the Office, which 
includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists 
with respect to each pending claim until the claim is cancelled or withdrawn from consider- 
ation, or the application becomes abandoned. Information material to the patentability that 
is cancelled or withdrawn fi-om consideration need not be submitted if the information is not 
material to the patentability of any claim remaining under consideration in the application. 
There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is 
deemed to be satisfied if all information known to be material to patentability of any claim 
issued in a patent was cited by the Office or submitted to the Office in the manner 
prescribed by §§1.97(b)-(d) and 1.98. However, no patent will be granted on an application 
in connection with which fraud on the Office was practiced or attempted or the duty of 
disclosure was violated through bad faith or intentional misconduct. The Office encourages 
applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, 

(2) the closest information over which individuals associated with the filing or prosecution 
of a patent application believe any pending claim patentably defines, to make sure that 
any material information contained therein is disclosed to the Office. 
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(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
impatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentabihty relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion 
that a claim is unpatentable under the preponderance of evidence, burden-of-proof standard, 
giving each term in the claim its broadest reasonable construction consistent with the specification, 
and before any consideration is given to evidence which may be submitted in an attempt to 
establish a contrary conclusion of patentability." 

I hereby claim foreign priority benefits under 35 United States Code, § 11 9 and/or §365 of any foreign 
appHcation(s) for patent or inventor's certificate listed below and have also identified below any foreign 
appUcation for patent or inventor's certificate filed by me or my assignee disclosing the subject matter 
claimed in this appUcation and having a filing date (1) before that of the apphcation on which priority is 
claimed, or (2) if no priority claimed, before the filing of this application: 

PRIOR FOREIGN APPLICATION(S) 

Date First 

Filing Date Laid-open or Date Patented 

Number Country (Day/Month/Year) Published or Granted Priority Claimed? 

2230203 CA 29/04/98 YES 



I hereby claim the benefit under 35 United States Code, § 1 19(e) of any United States provisional 
appHcation(s) listed below: 

Application Number Filing Date 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the claims of this apphcation is not disclosed in 
the prior United States application in the manner provided by the first paragraph of Title 35, United States 
Code, §1 12, 1 acknowledge the duty to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, § 1.56(a) which became available between the filing date of the 
prior apphcation and the national or PCT international filing date of this apphcation: 

PRIOR U.S. OR PCT APPLICATION(S) 

Application No. Filing Date Status 

(day/month/year) (pending, abandoned, granted) 

PCT/CA99/00391 29/04/99 granted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that wilfiil false statements and the like so made are punishable by fine or imprisonment, or 
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both, under Section 1001 of Title 18 of the United States Code and that such wilful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



I hereby appoint the following patent agents with full power of substitution, association and revocation to 
prosecute this application and/or international application and to transact all business in the Patent and 
Trademark Office connected therewith: 



JAMES D. KOKONIS (Reg. No. 21178) 
ALAN R. CAMPBELL (Reg. No. 26129) 
NICHOLAS H. FYFE (Reg. No. 26134) 
ROBERT D. GOULD (Reg. No. 27523) 
THOMAS R. KELLY (Reg. No. 29244) 
MICHAEL E. WHEELER (Reg. No. 29246) 
PHILIP D. LAPESr (Reg. No. 44443) 
TOKUO HIRAMA (Reg. No. 32551) 
YWE J. LOOPER (Reg. No. 43758) 
RONALD N. SMOOT (Reg. No. 18718) 
JAMES W. GERIAK (Reg. No. 20233) 
SAMUEL B. STONE (Reg. No. 19297) 
ROBERT C. WEISS (Reg. No. 24939) 
JOHN D. MCCONAGHY (Reg. No. 26773) 
COE A. BLOOMBERG (Reg. No. 26605) 
JAMES H. SHALEK (Reg. No. 29749) 
ALLAN W. JANSEN (Reg. No. 29395) 
JAMES C. BROOKS (Reg. No. 29898) 
STEVEN D. HEMMINGER (Reg. No. 30755) 
PAUL II. MEIER (Reg. No. 32274) 
KENNETH H. OHRINER (Reg. No. 31646) 
LAWRENCE R. LAPORTE (Reg. No. 38948) 
HOPE E. MELVILLE (Reg. No. 34874) 
KURT T. MULVILLE (Reg. No. 37194) 
BRUCE G. CHAPMAN (Reg. No. 33846) 
JEFFREY A. MILLER (Reg. No. 35287) 
CHRISTOPHER A. VANDERLAAN 

(Reg. No. 37747) 



HUGH O'GORMAN (Reg. No. 26140) 
R. ALLAN BRETT (Reg. No. 40476) 
A. DAVID MORROW (Reg. No. 28816) 
JAMES MCGRAW (Reg. No. 28168) 
JOHN BOCHNOVIC (Reg. No. 29229) 
JOY D. MORROW (Reg. No. 30911) 
DONALD F. PHENIX (Reg. No. 32528) 
KOHJI SUZUKI (Reg. No. 44467) 
GRANT W. LYNDS (Reg. No. P-44484) 
CONRAD R. SOLUM, JR. (Reg. No. 20467) 
ROBERT M. TAYLOR, JR. (Reg. No. 19848) 
ROBERT E. LYON (Reg. No. 24171) 
RICHARD E. LYON JR. (Reg. No. 26300) 
WILLL^lM C. STEFFIN (Reg. No. 268 11) 
J. DONALD MCCARTHY (Reg. No. 25119) 
ROBERT W. DICKENSON (Reg. No. 29914) 
DAVID B. MURPHY (Reg. No. 3 1 125) 
JEFFREY M. OLSON (Reg. No.30790) 
JERROLD B. REILLY (Reg. No. 32293) 
JOHN A. RAFTER JR. (Reg. No. 31653) 
LOIS M. KWASIGROCH (Reg. No. 35579) 
CAROL A. SCHNEIDER (Reg. No. 34923) 
MICHAEL J. WISE (Reg. No. 34047) 
THEODORE S. MACEIKO (Reg. No. 35593) 
DAVID A. RANDALL (Reg. No. 37217) 
DAVID T. BURSE (Reg. No. 37104) 
CORRINE M. FREEMAN (Reg. No. 37625) 



PLEASE SEND CORRESPONDENCE TO: LYON & LYON 

633 West Fifth Street, Suite 4700 
Los Angeles, California 90071-2066 
U.S.A. 

Telephone: (213) 489-1600 
Facsimile: (213) 955-0440 



1) INVENTOR'S SIGNATURE: 



Inventor's Name: Jean-Pierre 



(First) (Initial) (Family Name) 
Country of Citizenship: Canada 



Residence: Fleurimont, Quebec, Canada 



(City, Province, Country) 
Post Office Address: Alsace 11 70, Fleurimont Quebec, J9J I A7, Canada 



2) INVENTOR'S SIGNATURE: 



Inventor's Name: Sirinart Ananvoranich 

(First) (Initial) (Family Name) 

Country of Citizenship: Canada 



Residence: Westbury, Quebec, Canada 



(City, Province, Country) 
Post Office Address: Angus Nord 635, Westbury, Quebec, JOB IRQ 



3) INVENTOR'S SIGNATURE:_ 
Inventor's Name: Daniel 



(First) (Initial) 

Country of Citizenship: Canada 



Saint- Alexis de Montcalm, Quebec, Canada 



(City, Province, Country) 

Post Office Address: Grande Eigne 339, Saint-Alexis de Montcalm, Quebec, JQK ITO 



77473-12 
258/235 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of: 



Group Art Unit: unavailable 



Perreault, Jean-Pierre, et al. 



Examiner: unavailable 



Serial No.: not available 



Filed: October 30, 2000 



For: Nucleic Acid Enzyme For RNA 
Cleavage 



SUBMISSION OF SEQUENCE LISTING 



Box PATENT APPLICATION 
Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Enclosed are a computer readable copy and a paper copy of the Sequence Listing for the 
above-identified patent application. The contents of both the computer readable and the paper 
copies are the same and, where applicable, include no new matter, as required by 
37 §§ CFR 1.821(e), 1.821(f), 1.821(g), 1.825(b) or 1.825(d). This Sequence Listing is being filed 
along with a continuation appUcation. 



I hereby certify that this paper (along with any referred to as being attached or enclosed) is being deposited with the 
United States Postal Service on the date shown below with sufficient postage as 'Express Mail Post Office To Addressee' 
in an envelope addressed to the Commissioner for Patents, Washington, D.C. 20231. 



CERTIFICATE OF MAILING 
(37 C.F.R. §1.10) 



EL360386766US 



Revnaldo Gallardo 



Express Mail Label No. 



Name of Person Mailing Paper 



October 30. 2000 
Date of Deposit 




77473-12 
258/235 



This is an amended Sequence Listing. Corrections were made to the original-filed Sequence 
Listing which had designated the first eight sequences as DNA. In the present amended Sequence 
Listing these eight sequences are designated as RNA. 

The amended Sequence Listing was originally filed On October 6, 1999 with the EPO ISA 
for the parent application, PCT/CA99/00391. However, no mention of the amended Sequence 
Listing appeared in the Written Opinion of the IPER. Therefore, if this sequence has not yet been 
incorporated into the application, please do so with this filing. 



Respectfully submitted, 
LYON & LYON llp 



Dated: October 30. 2000 




Carol A. Schneider, Ph.D., J.D. 
Reg. No. 34,923 



633 West Fifth Street, Suite 4700 
Los Angeles, California 90071-2066 
(213) 489-1600 
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SEQUENCE LISTING 



<110> Perreault, Jean-Pierre 
Ananvoranich, Sirinart 
Lafontaine, Daniel 
Universite de Sherbrooke 

<12 0> Nucleic Acid Enzyme for RNA Cleavage 

<130> 77473-12 

<14 0> unknown 
<141> 2000-10-30 

<150> PCT/CA99/00391 
<151> 1999-04-29 

<150> CA 2,230,203 
<151> 1998-04-29 

<160> 54 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 11 
<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 1 
nnrhgnnhnn n 

<210> 2 
<211> 11 
<212> RMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 2 
rrrhgnnhnn n 

<210> 3 
<211> 11 
<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 3 
gggcgnnunn n 

<210> 4 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 4 
gggcgnnhnn n 

<210> 5 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 



<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 5 
gggugnnunn n 

<210> 6 
<211> 12 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 6 
gggugnncnn nn 

<210> 7 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 



<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 7 
aaacgnnunn n 

<210> 8 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: nucleotide 
sequence comprised of ribonucleotides or a 
combination of ribonucleotides and 
deoxyribonucleotides 

<400> 8 
ybrhgnnhnn n 

<210> 9 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 



sequence 



<400> 9 
gggcgggucg g 

<210> 10 
<211> 10 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 10 
gggcgggucg 

<210> 11 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 11 
gggcaggucg g 



<210> 12 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 12 
gggccggucg g 

<210> 13 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 13 
gggcgagucg g 

<210> 14 

<211> 11 

<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial 
sequence 

<400> 14 
gggcgugucg g 

<210> 15 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
sequence 

<400> 15 

gggcggaucg g 

<210> 16 
<211> 11 
<212> RNA 

<213> Artificial Sequence 



Sequence : synthetic RNA 



11 



Sequence : synthetic RNA 



11 



<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 



<400> 16 
gggcgguucg g 



11 



<210> 17 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 17 

gggcgggccg g 

<210> 18 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 18 
gggcggggcg g 

<210> 19 



<211> 11 
<212> RWA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 19 

gggcggguag g 

<210> 20 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 20 
gggcggguug g 

<210> 21 
<211> 11 
<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 21 
gggcgggucu g 

<210> 22 

<211> 11 

<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 22 
gggcgggucg u 

<210> 23 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 



<400> 23 



gggcggcucg g 



11 



<210> 24 
<211> 11 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 24 

gggcgggacg g 

<210> 25 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 25 
ggagggcggg ucgg 

<210> 26 
<211> 14 



<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 26 
ggaggggggg ucgg 

<210> 27 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 27 
ggacggcggg ucgg 

<210> 28 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 



sequence 



<400> 28 
ggaggccggg ucgg 

<210> 29 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<22 3> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 29 
ggaaggcggg ucgg 

<210> 30 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 



<400> 30 
ggagagcggg ucgg 



14 



<210> 31 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 31 
ggaggacggg ucgg 

<210> 32 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 32 
ggagggaggg ucgg 

<210> 33 
<211> 14 
<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 33 
ggauggcggg ucgg 

<210> 34 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 34 
ggagugcggg ucgg 

<210> 35 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 



<400> 35 
ggaggucggg ucgg 



14 



<210> 36 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 36 
ggaggguggg ucgg 

<210> 37 

<211> 14 

<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 37 

ggagggaggg ucgg 



<210> 38 



<211> 14 
<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 38 
ggaggcaggg ucgg 

<210> 39 
<211> 14 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 39 
ggagccaggg ucgg 

<210> 40 
<211> 14 
<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 40 
ggaccaaggg ucgg 

<210> 41 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA PGR 
primer 

<400> 41 

ccggatccct cgggctcggg eg 

<210> 42 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: DNA PGR 
primer 



<400> 42 



ccaagcttcg aagaggaaag aag 



23 



<210> 43 
<211> 813 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 43 

caccgcggug gcggccgcuc uagaacuagu ggaucccucg ggcucgggcg gcgaguccag 60 
cagucuccuc uuuacagaaa auguaagagu acugaggacu gccgccucua gccgagauga 12 0 
gccgguccga gucgaggaag aaccgcggag ggagagaaga gauccucgag cagugggugg 18 0 
ccggaagaaa gaaguuagag gaacucgaga gagaccuccg gaagacaaag aagaaacuca 24 0 
agaagauaga ggacgaaaau cccuggcugg ggaacaucaa aggaauucuc ggaaagaagg 300 
auaaggaugg agagggggcu ccccccgcga agagggcccg aacggaccag auggagguag 360 
acuccggacc ucggaagagg ccucucaggg gaggauucac cgacaaggag aggcaggauc 42 0 
ccgacgaagg aaggcccucg agaacaagaa gaagcagcua ucggcgggag gcaagaaccu 480 
cagcaaggag gaagaagagg aacucaggag guugaccgag gaagacgaga gaagggaaag 540 
aagaguagcc ggcccgccgg uugggggugu gaacccccuc gaagguggau cgaggggagc 600 
gcccgggggc ggcuucgucc ccaaucugca gggagucccg gagucccccu ucucucggac 650 
cggggagggg cuggacauca ggggaaacca gggauuucca uaggauauac ucuucccagc 720 
cgauccgccc uuuucucccc agaguugucg accccaguga auaaagcggg uuuccacuca 780 
cagguuugcg ucucgcgucc uucuuuccuc uuc 813 



<210> 44 



<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 44 

ggguccaccu ccucgcgguc cgaccugggc augcggcuuc gcauggcuaa gggaccc 

<210> 45 
<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 45 

ggguccaccu ccucgcgguc ccagcugggc augcggcuuc gcauggcuaa gggaccc 

<210> 46 
<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 



<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 46 

ggguccaccu ccucgcgguc cgaccugggc augccuucgg gcauggcuaa gggaccc 57 

<210> 47 
<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 47 

ggguccaccu ccucgcgguc cgcccugggc augcggcuuc gcauggcuaa gggaccc 57 

<210> 48 
<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 48 



ggguccaccu ccucgcgguc cggccugggc augcggcuuc gcauggcuaa gggaccc 5 7 



<210> 49 
<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 49 

ggguccaccu ccucgcgguc cguccugggc augcggcuuc gcauggcuaa gggaccc 57 

<210> 50 
<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 50 

ggguccaccu ccucgcgguc cgaacugggc augcggcuuc gcauggcuaa gggaccc 57 



<210> 
<211> 
<212> 



51 
57 
RNA 



<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 51 

ggguccaccu ccucgcgguc cgagcugggc augcggcuuc gcauggcuaa gggaccc 57 

<210> 52 
<211> 57 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 
sequence 

<400> 52 

ggguccaccu ccucgcgguc cgaucugggc augcggcuuc gcauggcuaa gggaccc 57 

<210> 53 
<211> 37 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic RNA 



sequence 



<400> 53 

ggguccaccu ccucgcgguc cgaccugggc augcggc 

<210> 54 
<211> 18 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 

sequence which is comprised of ribonucleotides or 
a combination of both ribonucleotides and 
deoxyribonucleotides 

<400> 54 

ggcauggcua agggaccc 



